
E. Regar 

Thoraxcenter 

Erasmus Medical Center 

Rotterdam, NL 

The Imaging Evidences:  
Time-related Differences in Restenosis 

TCTAP 2014, Session: DES Failure: Why and How? 



Schinkel, Regar et al. JACC: Cardiovasc Interv 2008 

Mechanisms of Stent Failure:  
Uncovered & Malapposed Struts  

OCT: Lightlab/St.Jude 



Barlis, Regar et al. Eur Heart J 2009 

LEADERS Trial 
Limus Eluted from A Durable versus ERodable Stent Coating 

Biolimus- Sirolimus- 
   eluting stent             eluting stent 

Graphical representation of stent coverage in lesions  

0.6% 
(0.2 to 1.6%)  

2.1% 
(0.9 to 4.4%)  

P=0.04*  

Low incidence ! 

at 9m FUP 

Mechanisms of Stent Failure:  
Uncovered & Malapposed Struts  



Uncovered struts 

1.5% SES 

Räber et al. JACC: Cardiovasc Interv 2012 

SIRTAX late OCT trial; N=88 pts; event-free; FUP 5y 

Malapposed struts 

1.2% SES 

Low incidence ! 

at 5y FUP 

Mechanisms of Stent Failure:  
Uncovered & Malapposed Struts  



Clustering in few patients 

Low incidence ! 

Räber et al. JACC: Cardiovasc Interv 2012 

SIRTAX late OCT trial; N=88 pts; event-free; FUP 5y 

Mechanisms of Stent Failure:  
Uncovered & Malapposed Struts  



Mechanisms of Stent Failure:  
Uncovered & Malapposed Struts  

Gutierrez, Regar et al. Circulation 2011 

ISA:    incomplete strut apposition   

WA:     well-apposed struts 

RR 5.4 

RR 6.9 

RR 12.4 

RR 4.1 

RR 10.6 

Forest plot for uncoverage at fup 

Interaction: 
Malapposed struts are 
at increased risk for 
uncoverage 
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Gonzalo, Regar et al. JACC: Cardiovascular Interv. 2009;2(5):445-52.  

[%] 

Lesions with at least one  

incompletely apposed strut 

Lesions with at least one  

uncovered strut 

Strut apposition Strut coverage 
P=0.001 P=0.04 

Higher incidence in patients treated for STEMI 

Mechanisms of Stent Failure:  
Uncovered & Malapposed Struts  



Mechanisms of Stent Failure:  
Uncovered & Malapposed Struts  

Higher incidence in pts with Late Stent Thrombosis! 

Guagliumi  et al. JACC: Cardiovascular Interv. 2012 

ST Control ST 

Uncovered struts/pts 0.001 

Malapposed struts/pts 0.001 

4.2% 12.2% 

1.8%  4.6% 



OCT Predictor of Late DES Thrombosis  
 

Guagliumi  et al. JACC: Cardiovascular Interv. 2012 

 
Uncovered struts 
segment length 

 



Tanimoto, Regar et al. Eurointervention 2006 

Mechanisms of Stent Failure:  
Restenosis  

OCT: Lightlab/St.Jude 



Gonzalo, Regar et al. Am Heart J 2009 

Mechanisms of Stent Failure:  
Restenosis  

In 2009: 

OCT 

analysis 

descriptive 

 

OCT: Lightlab/St.Jude 



Mechanisms of Stent Failure:  
Restenosis  

Otsuka et al. Curr Cardiovas Img Rep 2012 

In 2012: 

OCT 

validation 

against 

histology 



J Am Coll Cardiol. 2012 EHJ 2010 & 2012 

Mechanisms of Stent Failure:  
Restenosis  

In 2012: 

OCT 

terminology 

established 



Mechanisms of Stent Failure: 
Neoatherosclerosis  

Incidence of lipid laden plaque  

inside the stent 

 

41% 

Hou et al. Heart 2010 

N= 39 pts 

with recurrent ischemia 

FUP 6.5±1.3 years after BMS 

High incidence 
 



Mechanisms of Stent Failure: 
Neoatherosclerosis  

Yonetsu et al. Am J Cardiol 2012 

MGH OCT multicenter registry 

N=124 pts with  

neointimal thickness >100µm  

in 3 consecutive cross sections 

High incidence 
Earlier onset in DES than in BMS 
 

<9m FUP 9-48m FUP >48m FUP 

Incidence of lipid-laden intima 



Mechanisms of Stent Failure:  
Neoatherosclerosis  

N= 54 pts with DES restenosis 

Increased TCFA 

Kang et al. Ciculation 2011 
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Increased TCFA & Thrombi over time 
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Mechanisms of Stent Failure:  
Neoatherosclerosis  

Increased TCFA & Thrombi over time 

Kang et al. Ciculation 2011 N= 54 pts with DES restenosis 

Irrespective of clinical presentation 

Patients with stable angina 

Intima with TCFA Intima rupture 

30% 

50% 

Intima rupture 



p<0.01 

n=13 n=9 

Stents with neointimal rupture 
lower fibrous cap thickness & higher lipid content  

p<0.001 

n=13 n=9 

N=29 pts with very late stent thrombosis 

Karanasos, Regar et al. presented in part at ESC 2012 Karanasos, Regar et al. Poster at TCT 2012 

Neointimal Cap Thickness Lipid Core Arc 

Mechanisms of Stent Failure:  
Neoatherosclerosis  



Mechanisms of Stent Failure:  
Neoatherosclerosis  

The link between restenosis & late stent thrombosis? 

Restenosis 
Late stent 
thrombosis 

stable angina, “benign” ACS, “life-threatening” 



Mechanisms of Stent Failure:  
Neoatherosclerosis  

Restenosis 
Late stent 
thrombosis 

TCFA 

Rupture 
Thrombus 

Neoatherosclerosis 

The link between restenosis & late stent thrombosis? 



  What’s about timing? 

Mechanisms of Stent Failure:  
Neoatherosclerosis  

The link between restenosis & late stent thrombosis? 



Evidence of Ongoing Stent Failure 

Yamaji K et al, Circ Cardiovasc Interv 2010 



Evidence of Ongoing Stent Failure 

Yamaji K et al, Circ Cardiovasc Interv 2010 

Neoatherosclerosis 



Neoatherosclerosis? 

Evidence of Ongoing Stent Failure 

DES 

? 

Neoatherosclerosis Neoatherosclerosis 



p=0.051 

Neoatherosclerosis in DES develops earlier 

with lower prevalence of calcifications 

BMS (n=13) 1st-DES (n=39) p value 

Interval since initial implantation (months) 132 (90-201) 65 (24-130) <0.001 

Kanarasos A et al SPIE 2014 

Evidence of Ongoing Stent Failure 
Differences BMS vs DES 1st gen 



Mechanisms and Predictors of Stent  
Thrombosis and Restenosis: Insights from OCT 

Stent thrombosis and restenosis  

 

 have various mechanisms (mechanical, pharmacological, biological) 

 both may be associated with coronary thrombosis 

 neoatherosclerosis might be a common pathway 
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Stent thrombosis and restenosis  = stent failure 

 

 have various mechanisms (mechanical, pharmacological, biological) 
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Angiography fails to accurately visualize stent failure ! 



VLST: 
Neoatherosclerosis & Rupture 
51y male presenting with anterior MI, 2004 PES implantation LAD. No CAD risk factors. 

Co-registration: in cooperation with Medis, Leiden NL;                     Tu, Regar et al. Int J Cardiovasc Imaging 2012 



VLST: 
Neoatherosclerosis & Rupture 
51y male presenting with anterior MI, 2004 PES implantation LAD. No CAD risk factors. 

OCT: Lightlab/St.Jude 



VLST: 
Mechanical Stent Problem 
79 year old woman resuscitated after cardiac arrest. 2008 EES implantation. Pos. family history for CAD. 

Co-registration: in cooperation with Medis, Leiden NL;                     Tu, Regar et al. Int J Cardiovasc Imaging 2012 



79 year old woman resuscitated after cardiac arrest. 2008 EES implantation. Pos. family history for CAD. 

1mm 

VLST: 
Mechanical Stent Problem 

OCT: Lightlab/St.Jude 



Thank you for your attention! 
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